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Abstract
We investigate the possibility that the Moon develops an electric potential origi-
nating from the impinging particles on the Moon from cosmic rays and solar wind.
The investigation includes all experimental data of the flux of charged particle for
energies higher than 865 eV available from Apollo missions, satellites and balloon ex-
periments in publications or from the Internet in 2008. A fictive electric potential of
the Moon was calculated if the Moon material is an isolator for the Moon solar side
and lee side, if the Moon material is a conductor for the whole Moon surface, and if
the Moon is located in the geomagnetic tail of the Earth. The calculation for these
four cases results in positive electric potentials of the Moon of 1789 V, 261 MV,
1789 V, and 96 MV. This is originated from the unequal distribution of positive
and negative charges in the plasma of the cosmic rays and solar wind impinging on
the Moon. As the cosmic rays arrive from deep space, these findings would imply
a charge imbalance in the cosmos. This is in distinct conflict with a charge neutral
universe. We suggest searching for a so far not measured low energy negative flux
of charged particles in the cosmos or an interaction between charged objects in the
universe with the vacuum.
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1 Introduction
That our universe is baryon asymmetric as a whole is established by observa-
tions in contemporary cosmology. If large regions of matter and antimatter co-
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exist, annihilation would occur at the borders between them. This annihilation
would generate a diffuse γ-ray background disturbing the cosmic microwave
radiation and light element abundance. No such effect was observed so far [1–
3]. Analysis of this problem [4] for a baryon symmetric universe demonstrates
that the size of regions exceed 1000 Mpc, being comparable with the mod-
ern cosmological horizon. Even under the circumstances that still some small
anti-matter regions are possible [5] and the anti-Helium search of AMS-I [6]
does not exclude anti-Helium for the whole universe, the probability that the
universe is baryon symmetric is low.
A baryon symmetric universe would be charge symmetric because matter and
anti-matter are distinguished prevailing by charge and anti-charge. As a con-
sequence the sum over all charges in such an universe must be zero. But also
our baryon asymmetric universe is controlled by charge conservation. S. Orito
et.al. discuss possible temporal charge non conservation in cosmological mod-
els based on theories with a higher dimensional space leading to a charged
universe [7]. A cosmology of a charged universe and the total electric charge
and mass of an elliptical universe is investigated in ref. [8, 9]. Consequences
of a charged universe for primordial Helium production and massive vector
fields are evaluated in ref. [10, 11]. All these investigations conclude that the
charge imbalance in our universe is not significant. In fact also our baryon
asymmetric universe is with high probability globally not charged.
The baryons in our universe are with high abundance concentrated in galaxies
which are composed of objects like stars and planets and clouds of gas and
dust. If these objects would carry an excess of positive or negative charges,
electric fields between these objects must exist.
In contemporary cosmology the existence of cosmological magnetic fields are
well established [12, 13]. Since large-scale electric fields have not been observed,
and since one would not expect cosmological electric currents and charge dis-
tributions, cosmological electric fields are assumed to be zero [14, 15]. The-
oretical considerations of the enormous linear dimensions and the electrical
conductivity of the completely ionized gas inside the galaxies support the as-
sumption that interstellar electric fields are minute [16, 17]. In proposals for
a Bussard ramjet interstellar electric fields of 1.6 · 10−19 V/m [18, 19] are in
discussion. The interplanetary electric field is caused by ions leaving the Sun.
The ions initially flow along and parallel to the magnetic field of the Sun, fur-
ther outwards the azimuthal component of the magnetic field becomes more
influential. Protons get deflected to the south and electrons to the north. This
results in an electric field that compensates the magnetic forces [20]. Sub-
stantial theoretical and experimental investigations on interplanetary electric
fields are performed. Studied are models of stationary electromagnetic fields
in interplanetary space with finite conductivity in ref. [21] (With more ref-
erences therein). Interplanetary electric fields under disturbed conditions are
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investigated in ref. [22]. Magnetic storms are discussed e.g. in [23, 24]. WIND
observations of electrostatic fluctuations found a total potential drop between
the Sun and the Earth to be about 300 V to 1000 V [25, 26]. Polar cap iono-
spheric electric fields tends to saturate at approximately 45 - 50 mV/m [27]. In
summary no substantial cosmic, intergalactic or interplanetary electric fields
are observed. This supports the hypothesis that all objects in the cosmos are
electrical neutral. Which requires that the electric interaction between these
objects can only be achieved by a neutral plasma. This electric interaction is
performed by cosmic rays, intergalactic medium, interstellar medium and the
solar wind.
The cosmic rays are energetic particles originating from outer space. They are
composed of approximately 90% protons, 9% helium and 1% electrons [28].
The intergalactic space between the galaxies is nearly free of dust and debris,
very close to a total vacuum. A minor amount of baryons is stored in this
intergalactic medium, a rarefied plasma of equal numbers of electrons and
protons [29, 30]. The majority of the content of the intergalactic medium is
electrical neutral but some fraction in particular the H II regions are ionized.
The interstellar medium what is located between the stars within a galaxy
consists of an extremely dilute mixture of ions, atoms, molecules, large dust
grains, cosmic rays, and galactic magnetic fields [31].
If we move further on to the solar system, the interstellar wind has to pass the
bow shock, heliopause and the solar wind termination shock. These boundaries
together with the magnetosphere of the planets are shielding for example the
Earth substantially from low energy interstellar wind. This is true in particular
in the direction of the movement of our solar system with respect to the center
of the Milky Way. This shielding is not effective at higher energies, for example
the Alpha Magnetic Spectrometer AMS measured a lepton spectrum of the
kinetic energy higher than 0.2 GeV at altitudes near 380 km above the Earth
surface [32].
The dominating part of particles inside the solar system is the solar wind. A
stream of charged particles (plasma) ejected from the upper atmosphere of the
Sun. It consists mostly of protons and electrons with energies of approximately
1 keV. The solar wind creates the Heliosphere, a bubble in the interstellar
medium surrounding the solar system. The investigation of the solar wind has
a long tradition. It reaches from Richard C. Carrington in 1859 suggesting
the concept of streams of particles flowing outward from the Sun, to the first
direct observation by the Soviet satellite Luna 1 [33–38] and the solar plasma
experiment of Neugebauer et al. using the Mariner 2 spacecraft [39].
The aim of our paper is to confront the hypothesis, that all objects in the
cosmos are electrical neutral, with the extensive experimental data, observa-
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tions, and studies of the energy distribution and particle flux of the cosmic
rays, intergalactic medium, interstellar medium, and the solar wind collected
in the last years. If all these fluxes impinge on an object in space and if they
are a neutral plasma, the sum over the time of all these positive and negative
charged fluxes must add up to a total charge zero. The Earth Moon has no
atmosphere or intrinsic magnetic field, and consequently its surface is bom-
barded almost all time with the full set of particles. For this reason we use the
Moon as ideal example to test the hypothesis of an electrical neutral object.
An excess of positive or negative charge flux would establish after some time
an electric potential (electric field) on the Moon. We do not in consider pho-
toemission from the Moon surface because photoelectrons affect the electric
potential of the Moon only locally in the near vicinity of the Moon [40].
The article is organized as follows. We first select four test scenarios to investi-
gate, is the flux of cosmic rays and solar wind behaving like a neutral plasma.
We calculate a fictive electric potential of the Moon originated from these
fluxes. Accordingly to these test scenarios we calculate four electric potentials
of the Moon on its orbit circling the Earth and conclude.
2 Definition of four scenarios to test the neutral plasma hypothesis
The Moon orbits the Earth in approximately 27.3 days, its spin is synchro-
nized with the orbit cycle. As a consequence the same half of its surface points
permanently to the Earth. On its path the Moon is exposed to cosmic rays at
all positions. The low energy particles flux from intergalactic and interstellar
media is suppressed by the bow shock, heliopause and termination shock out-
side the solar system. The most intense particle stream bombarding the Moon
is the solar wind.
On its orbit half of the Moon surface is fully exposed to the solar wind plus
the cosmic rays. The other half is illuminated only by the cosmic rays. The
solar wind is shadowed if the Moon passes through the geomagnetic tail of the
Earth magnetic field. In this location only cosmic rays impinge on the Moon.
These various exposure conditions of the Moon surface open the possibility to
test four neutral plasma scenarios. First, if the material of the Moon behaves
like a nonconductor, the charged stream of the solar wind plus the cosmic rays
on the solar side of the Moon must integrate over the time to a total charge
zero. Second, the charged stream of cosmic rays on the solar wind lee side
must fulfill the same condition. Third, in the more likely case that the Moon
material behaves like a conductor, the solar wind plus cosmic rays on the solar
side of the Moon plus the cosmic rays on the solar wind lee hemisphere must
behave like a neutral plasma. Fourth, if the Moon passes the geomagnetic tail,
almost the full surface of the Moon is exposed to the cosmic rays only and the
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neutral plasma condition should be still valid.
2.1 Lunar surface solar wind observations of Apollo 12 and Apollo 15
The lunar surface solar wind observations at the Apollo 12 and Apollo 15
sites [41] open the possibility to test these four neutral plasma conditions.
The approximate location of the Moon for sunrise, sunset, morning, noon,
afternoon and night for an observer on the Moon at the Apollo 12 and Apollo
15 sites is shown in Fig. 1.
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Figure 1. Approximate location of the Moon for noon, sunset, midnight, and sunrise
at the Apollo 12 and Apollo 15 sites. Picture taken from Ref. [41] Fig. 3
The lunar latitudes and longitudes of the Apollo 12 and 15 sites are 3 ◦S,
23 ◦W and 26 ◦N, 4 ◦E, respectively. As a consequence, the sunrise and sunset
of Apollo 12 and Apollo 15 is at different path locations. If Apollo 15 is inside
the geomagnetic tail, Apollo 12 is in the dawn flank of the magnetopause. For
completeness also shown is an example of the Apollo 12 an Apollo 15 ALSEP
(Apollo Lunar Surface Experiments Package) location [42].
2.2 Collected flux data of Apollo 12, Apollo 15, balloons and satellites exper-
iments
If ψ is the lunar longitude of the solar direction, then Apollo 15 took proton
data between ψ ∼ −100 ◦ in the morning until ψ ∼ 90 ◦ in the afternoon. No
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data are taken when the Moon is inside the geomagnetic tail or during lunar
night because the ion fluxes are below the solar wind spectrometer thresh-
old [41]. The proton flux is approximately stable between −70 ◦ < ψ < −23 ◦
and 18 ◦ < ψ < 70 ◦. We assume this is true for the hemisphere of the Moon
pointing to the Sun. We imply this data in the total data set, as proton flux
for the test cases one and three. Out of the given density of 8 protons/cm3
and the bulk velocity of 405 km/s, which is equivalent to 856 eV, the spectral
flux was calculated to be 6.02 · 108 (m−2 s−1 sr−1 eV−1).
We did not use the electron flux at the lunar surface measured from the Apollo
experiments [43] because our interest is focused on the total electron flux im-
pinging on the Moon from the solar wind. On the Moon surface local electrical
and magnetic fields together with photo electrons overlay the detection of the
pure solar wind electrons [44]. Collected are data of charged cosmic rays mea-
sured at the top of the atmosphere of the Earth (TOA, about 100 km) or
higher or at the L1 libration point. Fluxes measured at the TOA or higher or
fluxes which are at least corrected to TOA are collected because these fluxes
are not altered by the Earth atmosphere. The L1 libration point is a point
of Earth-Sun gravitational equilibrium about 1.5 · 106 km from Earth and
148.5 ·106 km (∼ 1AU) from the Sun. It is assumed that the same fluxes mea-
sured at TOA or at the L1 libration impinge on Moon since Earth, Moon and
L1 libration point are in near vicinity. Fluxes of neutrons and neutral atoms
are not collected; they are not of interest since these particles carry no charge.
Further, fluxes of particles trapped in the Van Allen Radiation Belt (VARB)
are excluded. The VARB is a torus of charged particles encircle the Earth,
held in place by the Earth magnetic field. Since this is a local phenomenon of
the Earth and since the Moon orbit does not cross the VARB, the particles in
the VARB may not be counted to the flux of the particles which impinge on
the Moon.
Data are taken from following experiments: AMS [45]: The Alpha Magnetic
Spectrometer (AMS) measured the proton spectrum in the kinetic energy
range (0.2 - 200) GeV during the space shuttle flight STS-91 in June 1998.
The space shuttle flew at an altitude of about 380 km so that the data are
free from atmospheric corrections. BESS 2000 [46]: The Balloon-borne Exper-
iment with a Superconducting Spectrometer (BESS) measured among others
the antiproton spectrum in the kinetic energy range (0.18 - 4.2) GeV during
several balloon flights in 1999 - 2000 (and earlier). For simplicity only the data
from 2000 are taken. The experiments were carried out in northern Canada at
altitudes above 34 km and the data are corrected to TOA. CAPRICE94 [47]
and CAPRICE98 [48]: The Cosmic Antiparticle Ring Imagine Cherenkov Ex-
periment (CAPRICE) was a balloon-borne experiment which collected data
of the cosmic ray electron and positron spectra with kinetic energies about
(0.46 - 43.6) GeV in August 1994. Data of cosmic ray proton and helium
spectra with (15 - 150) GeV/n were collected in May 1998. Both times the
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altitude of the balloon was about 37 km and the data are corrected to TOA.
CRN [49]: The Cosmic Ray Nuclei Detector (CRN) measured the cosmic ray
nuclei from carbon to iron with kinetic energies per nucleon beyond 1 TeV/n.
The measurement was done during the Space-lab-2 mission on the Space Shut-
tle Challenger in 1985 which flew at an altitude of about 320 km [50]. The
data are therefore free from atmospheric corrections. HEAO-3-C2 [51]: The
French-Danish cosmic ray experiment C2 was launched in 1979 on board the
NASA High Energy Astrophysics Observatory-3 (HEAO-3) satellite. It mea-
sured the fluxes of nuclei from beryllium to nickel in the energy range from
0.6 GeV/n to 35 GeV/n at an altitude of about 500 km [52] so that the data are
free from atmospheric corrections. Measurements expired in June 1980 after a
failure in the high voltage system. IMAX [53]: The Isotope Matter-Antimatter
Experiment (IMAX) measured the cosmic ray proton and helium spectra in
the energy range (0.2 - 200) GeV/n in July 1992. It was a balloon-borne
experiment carried out in northern Canada at an altitude of about 36 km,
the collected data are corrected to TOA. Orth et al. [54]: Cosmic ray nuclei
from lithium to iron in the energy range (2 - 150) GeV/n were measured by a
balloon-borne superconducting magnetic spectrometer. The measurement was
done in September 1972 at an altitude of about 35.5 km. The data are cor-
rected to TOA. Most of the data of this experiment are adequately covered by
the HEO-3-C2 and CRN experiments, so that only the flux of lithium, which
is not measured by HEO-3-C2 or CRN, is used for the further analysis. RUN-
JOB [55]: The RUssia-Nippon JOint Balloon-program (RUNJOB) measured
cosmic ray protons with (10 - 500) TeV, helium nuclei with (3 - 70) TeV/n
and iron nuclei with (1 - 5) TeV/n. The data are results of measurements from
1995 to 1996, where the balloon flew at an average altitude of about 32 km
over the trans-Siberian continent. TRACER [56]: The Transition Radiation
Array for Cosmic Energetic Radiation (TRACER) is a balloon experiment
which measured heavier cosmic ray nuclei (O, Ne, Mg, Si, S, Ar, Ca and Fe)
at high energies. The balloon had a successful flight in Antarctica in 2003 and
reached an average altitude of about 38 km. The data are corrected to TOA.
Further data can be found on several Internet web pages which provide data
for download. Under the address http://www.srl.caltech.edu/ACE/ data
from the instruments of the ACE (Advanced Composition Explorer) satellite
can be downloaded. The ACE satellite orbits the L1 libration point since 1998.
It has several instruments on board, from which the following were used: The
Cosmic Ray Isotope Spectrometer (CRIS), which measures nuclei from boron
to nickel of cosmic rays with energies about (50 - 450) MeV/n. The Solar Iso-
tope Spectrometer (SIS). SIS measures nuclei from helium to nickel over the
energy range (10 - 100) MeV/n. ULEIS, the Ultra Low Energy Isotope Spec-
trometer, measures ion fluxes from helium through nickel from about 20 keV/n
to 10 MeV/n. The Electron, Proton and Alpha Monitor (EPAM), which mea-
sures ions from (0.05 - 5) MeV/n and e− with (0.04 - 0.31) MeV. Only electron
data are used from EPAM since the ion measurements do not clearly sepa-
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rate the particle species. The flux data can be downloaded in different time
intervals, mostly are available: hourly, daily, and Bartels Rotation averages.
The latter are averages over 27 days, approximately the period for one solar
rotation. This time average was chosen for the download of all data from the
beginning of the measurement until the 70 DOY (day of year) 2008 for ULEIS
and SIS and until the 97 DOY 2008 for CRIS and EPAM.
Data of the IMP-8, SOHO and WIND satellites can be downloaded from
http://cdaweb.gsfc.nasa.gov/cdaweb/. IMP-8 (Interplanetary Monitoring
Platform) had an elliptical orbit around the Earth with apogee and perigee
distances of about 45 and 25 earth radii so that it does not cross the VARB.
The spacecraft was in the solar wind for 7 to 8 days of its every 12.5 day orbit.
In October 2001 the mission of IMP 8 was terminated after 29 years of success-
ful measurements [57]. The proton and helium flux data of this experiment are
used; they can be downloaded for the whole measurement period in 30 minutes
averages. The Solar and Heliospheric Observatory mission (SOHO) orbits the
L1 libration point since 1996. In June 1998 contact to SOHO was lost for about
130 days, but since October 1998 SOHO is still active until today [58]. The
electron flux data of this experiment are used. Although SOHO collects data
until today, the data can be downloaded only for the period from December
1995 until January 2002 in 5 minutes averages. WIND was started in Novem-
ber 1994. It was placed in a double-lunar swing by orbit near the ecliptic plane,
with apogee from 80 to 250 Earth radii and perigee of between 5 and 10 Earth
radii for the first nine months of operation. After nine months WIND was
steered in a small orbit around the L1 liberation point where it remains until
today [59]. The electron flux data of WIND since 1996 until the end of 2006
are used. The data from November 1994 until the end of 1995 are not used
because they contain probably particles of the VARB due to the spacecraft
orbit. The electron data of the WI_K0_3DP instrument can be downloaded
in time averages of about 90 seconds and the data of the WI_ELSP_3DP
instrument are available in time averages of about 50 seconds.
2.3 Data processing
Most experiments specify explicitly in which energy interval and at which
average energy the fluxes are measured. If the average energy is given, this
value is used for the further analysis. If only the energy interval is given, the
average energy is calculated along the recommendation of the EPAM, SIS and
ULEIS experiments: The root of the product of lower and upper limit of the
energy intervals is taken as average energy.
Particle fluxes in space vary in short and long time scales, mainly due to
the solar activity. Especially fluxes with energies below ∼ 0.1 GeV/n, which
are measured by ACE, IMP-8, SOHO and WIND, change the intensity sub-
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stantially as a function of time. They contain partially solar wind particles
and solar energetic particles as low energetic galactic and anomalous cosmic
rays [60]. They exhibit approximately the expected eleven-year-cycle of the
Sun. Our interest was focused on the average charged particle flux impinge
on the Moon. We ignored for this reason all these short term and long term
variations of the low energetic fluxes and took the mean value over a longer
time scale.
The total flux of one particle species is obtained by integration of the spectral
flux of this particle over its energy range. To perform the integration, power
functions in the form of
fn(Ek) = a · 10−9(Ek10−9/1 eV)−b, [a] = 1
m2 s sr eV
(1)
were calculated between two data points. Ek is the kinetic energy of the parti-
cles inserted in units of eV. The fit-parameter b is dimensionless and a has the
unit of (m−2s −1 sr−1 eV−1). Multiplication with 10−9 is used for numerical
reasons. The index n stands for a particular particle species. The measurement
of the particle flux as function of the energy of one particle species contains
usually more than two data points. We introduced for this reason the global fit
function Fn(Ek). The function Fn(Ek) is generated by connecting the various
single fit functions fn(Ek). Outside of the data range, where no data points are
available, the global fit functions Fn(Ek) are set to zero. Tests with alternative
fit functions between more than two data points as discussed in ref. [61–63]
deliver very similar results after integration. We use therefore for simplicity
the two data point approach.
Fluxes of all odd charged particles are shown in Fig. 2. A similar picture would
be obtained if even charged particles are plotted. For simplicity all ions are
treated as fully ionized, which is true for high energetic particles. The spectral
fluxes of heavier nuclei than protons are small and have only minor influence
on the total (spectral) charge flux. Inspection of Fig. 2 exhibits the fact that
in the whole measured energy range of the protons flux, the positive charged
flux is larger than the negative charged flux.
3 Calculation of an electric potential of the Moon
The impinging particles from the cosmic rays and solar wind which are able to
reach the surface of the Moon will be accumulated in the Moon material. If the
positive and negative charged particle flux as function of energy and time is
equal, the Moon surface will integrate the flux spectrum to a total charge zero.
The present available data of the particle fluxes do not allow to investigate the
whole energy range 0 < Ek <∞ because electron flux data below 5.2 eV and
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Figure 2. Fluxes of odd charged particles at the top of the atmosphere or above. To
facilitate the visibility of the single fluxes in the graphic the fluxes are shifted by
factors of 10−n. The fit functions are indicated with black (for electrons with blue,
for protons with red) dashed lines.
proton flux data below 856 eV are not available. Inspecting Fig. 2 a smooth
extension of the particle data flux to Ek ∼ 0 point in the direction of an excess
of positive charged particles not only at high energies but also at energies
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close to zero. So far, this assumption is not confirmed from measurements
which limits our investigation of an excess of positive charged particle flux
to energies higher than 856 eV. The excess of positive charges will result in
a positive electric field and potential in the environment of the Moon. The
numerical value of this potential will be a function of the kinetic energy and the
flux of the impinging charged particles. The leading parameter of the kinetic
energy is the relative velocity between the Moon surface and the particles. The
kinetic energy of the particles get transformed in the electric field of the Moon
to a potential energy if the particle moves against the repelling force of the
field. With increasing positive potential an increasing repelling force between
Moon and further impinging positive charged particles will develop. Without
relative velocity no repelling electric field could be generated. Depending on
the potential of the Moon, low energetic particles will not be able any more
to reach the Moon surface, the low energy part of the particle flux in Fig. 2
will be cut away. On the other hand, the whole energy spectrum from E = 0
to E = ∞ of the negative charged particle flux will reach the Moon. With
increasing potential the Moon will in particular for very low energetic negative
particles act like an attractor to collect all negative charges in its environment.
The positive electric potential of the Moon will increase and after a certain
time the flux of positive charges and negative charges reaching the Moon
will be equal and a time independent stable positive electric potential will be
established.
The particle density n of the cosmic rays and the solar wind is in the en-
vironment of the Moon between n = 3 cm−3 and n = 8 cm−3 [41, 64, 65]
depending of the solar activity. The mean free path of electron-ion, ion-ion
and electron-electron scattering is in the highly diluted plasma for energies of
1 eV or 1 keV and n = 8 cm−3 approximately 1.6 · 103 respectively 1.6 · 107
Moon radii [66]. The Debye length is for 1 eV or 1 keV and n = 8 cm−3 between
2.6 m respectively 83 m [66]. A low energy charged particle (1 eV to 1 keV)
moving in direction of the Moon surface will not undergo any scattering after
it passed a distance to the Moon of 1.6 · 103 respectively 1.6 · 107 Moon radii.
The interaction of the particle is restricted only to a possible electric field and
the negligible magnetic field of 16.6 nT [64]. We use for this reason a single
particle solution to calculate the path of the charged particles to the Moon
surface. We take into account the interaction of an electric field (potential) of
the Moon on the path of the charged particles.
If the particles are very close to the Moon surface of approximately seven
lunar radii, in the lunar wake an electric negative potentials of about 400 V
was measured [67]. A generation of an electric field in this close environment
originating from photoemission is discussed in ref. [40]. It would be possible
to generate double layers, a region of non-neutral plasma consisting of two
adjacent space charge layers, one positive and one negative charged. Such
layers would affect in particular low energy (eV) cosmic rays and solar wind
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on its path to Moon surface. These particles would also change the conditions
for the double layers because the particle flux from the cosmic ray and solar
wind seems not to be charge neutral. This photoemission do not contribute to
the total charge integral of the particles impinging on the Moon in a distance of
1.6 · 103 Moon radii or further outside. Also the mean free path of the cosmic
ray and solar wind is much larger as seven Moon radii. We ignore for this
reason these local electric fields for our calculations of the path of the cosmic
rays and solar wind to the Moon surface because our interest is focused on
the total integrated charge in a large distance from the Moon.
3.1 Low energy cut from measured data range
After our extensive study of the data of charged particle fluxes in Sec. 2.2,
it is evident from Fig. 2 that data for low energy charged particles are not
available. Measurement of e.g. the electron flux between 0 < Ek < 5.2 eV and
of the proton flux between 0 < Ek < 856 eV are not present.
We use for this reason a low energy cut for all data at
Ecutk = 856 eV. (2)
This cut limits our calculation to energies Ek between
856 eV ≤ Ek <∞. (3)
3.2 Attractive and repulsive electric forces on charged particles induced from
an electric potential of the Moon
If the Moon is exposed to an excess of a positive charge flux F (t, E, σ) in the
energy range of Eq. (3), after some time an excess of positive charges would be
collected. The amount of this charge QC is a function of the collection time t,
the energy of the impinging particles E, and the surface σ of the Moon which
is exposed to the flux. Including dσ = R2 dΩ, R the Moon radius and dΩ as
the solid angle, QC is the integral of Eq. (4).
QC =
∫ ∫ ∫
F (t, E, σ) dt dE dσ (4)
The charge QC will develop a potential φC of the Moon. If we assume the
Moon is a perfect sphere, the size of this potential on the Moon surface is a
function of the charge QC of the excess flux in Eq. (4) and the radius R of the
Moon.
φC =
1
4πε0R
QC (5)
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We introduce a single particle solution to calculate the evolution of a time
dependent potential φC of the Moon under the influence of the charged particle
flux [68]. For the calculation it is taken into account that same-sign charged
particles are repelled and different-sign charged particles are attracted if the
Moon has a potential φC > 0. Positive charged particles will be deflected by
φC , and depending on their energy and impact parameter they will not reach
the surface of the Moon. Contrary, negative charged particles will be attracted
by φC even for large impact parameter and large energies.
We begin with a time independent potential φ, which is necessary to repel
same-sign charged and to attract different-sign charged particles. φ can be
calculated easily if Moon is treated as perfect sphere. The calculation is per-
formed in a semi-relativistic approach because bremsstrahlung, which is emit-
ted from relativistic charged particles if they are decelerated or accelerated
from the potential of the Moon, is ignored. In Fig. 3 is shown how a parti-
cle with rest mass m, charge q, velocity vi and initial energy Ei, moves from
infinity towards a sphere.
Figure 3. A particle with rest mass m, charge q, velocity vi and initial energy Ei,
moves from infinity towards to the Moon of radius R. The position vector of the
particle is ~r, b denotes the impact parameter, n an unit vector on the sphere and ϕ
the angle between the x-axis and the position vector ~r
If energy conservation and conservation of angular momentum L is taken into
account, φ can be calculated as in Eq. (6)
φ =
Ei
q
(
1− 1
EiR
√
L2c2 +R2m2c4
)
. (6)
The (initial) kinetic energy Ek,i of a particle is calculated as in Eq. (7)
Ek,i = Ei −mc2. (7)
The angular momentum L can be expressed as in Eq. (8) under the approxi-
mation that the initial velocity vi of the particle stays constant.
L = mγvir sinϕ = mγvib, γ =
1√
1− (vi/c)2
, (8)
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By inserting Eq. (8) in Eq. (6), it is possible to define an attraction and
repulsion function g(Ek,i, φ) in Eq. (9).
g(Ek,i, φ)
.
=
b
R
=
√√√√(Ek,i − qφ)2 + 2mc2(Ek,i − qφ)
Ek,i(Ek,i + 2mc2)
(9)
In Eq. (9) qφ is the electrostatic potential energy; in the case of attraction
qφ < 0 and for repulsion qφ > 0.
Figure 4. Repulsion (left side) and attraction (right side) function g(Ek,i, φ) as a
function of Ek,i for a potential of φ = 5 kV and φ = 15 kV. On the left side for
the repulsion case only particles between 0 ≤ g(Ek,i, φ) < 1 and Ek,i > 5 keV
or 15 keV are able to approach the surface of the Moon. For the attraction case
(right side) particles between ∞ > g(Ek,i, φ) ≥ 1 will impinge on the surface of
the Moon. Not displayed are particles between 0 ≤ g(Ek,i, φ) ≤ 1 which reach in
addition the surface of the Moon. Totally in the attraction case all particles which
fulfill the condition ∞ > g(Ek,i, φ) ≥ 0 will impinge on the surface of the Moon.
In the case the forces between Moon and charged particle are repulsive (qφ >
0), the function g(Ek,i, φ) = b/R = 0 for 0 ≤ Ek,i ≤ qφ; for Ek,i > qφ is
0 < g(Ek,i, φ) < 1 and for Ek,i → ∞ is g(Ek,i, φ) = 1. The physical range
for collection of charged particles on the Moon of the function g(Ek,i, φ) is
displayed in Eq. (10).
0 ≤ g(Ek,i, φ) = b
R
< 1 (10)
An example for the function g(Ek,i, φ) as function of the energy Ek,i for a
potential of the Moon of φ = 5 kV and φ = 15 kV is displayed in Fig. 4 left
side. Particles with Ek,i < qφ are not able to reach the surface of the Moon.
Particles with Ek,i > qφ impinge the surface of the Moon if their impact
parameter fulfills the condition b ≤ g(Ek,i, φ) · R.
In the attraction case (qφ < 0), two groups of particles which are able to
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impinge on the surface of the Moon have to be considered. The first group
belongs to particles with an impact parameter ∞ > b > 1 and the second to
an impact parameter 1 > b ≥ 0.
In the first case, for Ek,i = 0 is g(Ek,i, φ) =
b
R
→ ∞, for Ek,i > 0 is
g(Ek,i, φ) > 1 and for Ek,i → ∞ is g(Ek,i, φ) → 1. This part of the physical
range for collection of charged particles on the Moon of the function g(Ek,i, φ)
is displayed in Eq. (11).
∞ > g(Ek,i, φ) = b
R
≥ 1 (11)
An example for the function g(Ek,i, φ) for a potential of the Moon of φ = 5
kV and φ = 15 kV as a function of the kinetic energy for the first group of
particles is displayed in Fig. 4, right side. All particles in the energy region
of 0 ≤ Ek,i < ∞ and the physical range of g(Ek,i, φ) according Eq. (11)
are impinging on the surface of the Moon. The second group of particles in
the environment of the Moon which are located in the range of the impact
parameter 0 ≤ b ≤ R will reach the surface of the Moon in the attractive case
for all energies between 0 ≤ Ek,i <∞. We include in the following calculations
all particles in the range of the impact parameter 0 ≤ b <∞.
3.3 Electric potential of the Moon
To investigate the time dependence of an electric potential of the Moon φC(t),
we use the semi-relativistic approach of Eq. (6) and set
φ = φC . (12)
This ensures that all same-sign charged particles with an energy Ek,i < qφC
can not reach the Moon surface anymore and that same-sign charged particles
with an energy Ek,i > qφC can reach only restricted parts of the Moon surface,
as soon as the Moon potential φC, which is caused by the collected charge QC ,
is not equal to 0. This ensures also that different-sign charged particles between
0 < Ek,i <∞ with b > R are attracted by the Moon potential
We introduce in Eq. (5) a time dependence shown in Eq. (13)
φC(t) =
1
4πǫ0R
(QC(t) +Q(t)unid) (13)
QC(t) is the time dependent charge collection of the Moon. For the so far
unmeasured charged particle flux below 856 eV of Eq. (2) and a mechanism
besides our single particle solution to collect charges we introduce Q(t)unid. We
set Q(t)unid = 0 and will discuss this term later. To stress the time dependence
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of QC(t) we rewrite Eq. (4) to Eq. (14).
QC(t) =
∫
IC(t)dt. (14)
According to Eq. (1) and Eq. (4), IC(t) is the induced charge flux of the
total cosmic ray flux Fn(Ek,i) impinging on the Moon. For times t ∼ 0 the
attraction of different-sign charged particles and the repulsion of same-sign
charged particles can be neglected. The current can then be calculated as in
Eq. (15):
IC(t ∼ 0) =
∑
n

∆Ω
∞∫
0
R2 · qn · Fn(Ek,i)dEk,i

 (15)
The index n of the sum runs over all measured contributions of the charged
particle fluxes Fn(Ek,i) of Eq. (1) we discussed in chapter 2.2 and displayed
in Fig. 2. The charge of the particles is qn and ∆Ω is the solid angle under
which the Moon is hit by charged particles. Inserting Eq. (15) and Eq. (14) in
Eq. (13), leads to the Moon potential for t ∼ 0:
φC(t ∼ 0) =
∑
n

 ∆Ω
4πε0
t∼0∫
0
∞∫
0
R · qn · Fn(Ek,i)dEk,idt′

 . (16)
For t > 0 the Moon will develop an electric field and repulsive and attrac-
tive forces between Moon and charged particles will develop. Following our
investigation of the potential of the Moon φC(t) as a function of the impact
parameter b in chapter 3.2, we include this interaction in our calculation by
replacing in Eq. (16) R by the impact parameter b = R · g(Ek,i, φC) of Eq. (9).
The value of the impact parameter b as a function of the Moon potential φC(t)
is a leading parameter of the value of the charged particles flux impinging on
the Moon surface. The final result for the Moon potential is then given by:
φC(t) =
∑
n

R∆Ω
4πε0
t∫
0
∞∫
0
g(Ek,i, φC(t
′)) · qn · Fn(Ek,i)dEk,idt′

 (17)
It is possible to solve Eq. (17) approximatively with a recursion formula if the
derivative of this expression is calculated and expressed as difference quotient.
Neglecting the limit of the difference quotient, which is valid for small time
differences ∆t = tm−tm−1, and replacing φC(t) with φC(tm−1) in the attraction
and repulsion function g(Ek,i, φC(t)), which is valid since φC(tm−1) ≈ φC(tm)
is an approximation for φC(t), leads then to the calculable recursion formula
Eq. (18):
φC(tm) =
∑
n

R∆Ω
4πε0
∆t
∞∫
0
g(Ek,i, φC(tm−1)) · qn · Fn(Ek,i)dEk,i

+
+ φC(tm−1)
(18)
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For the iteration we chose for the initial value t0 = 0 and φC(t0) = 0. Choosing
φC(t0) 6= 0 would describe an increase or decrease of the potential of an
initially charged Moon if the impinging particle flux changes its intensity. In
the following section we use Eq. (18) to study the four test scenarios discussed
in Sec. 2.
4 Four test scenarios of electric potentials of the Moon on its orbit
to circuit the Earth
To test neutral plasma conditions of the flux of charged particles in space it
would be in the first approach adequate to inspect Fig. 2. Obviously at higher
energies the positive flux of charged particles exceeds the negative charged
flux. At low energies in the eV regime we have only data from the electrons.
The first data point for the positive flux at 856 eV is still above the electron
flux. Considering the uncertainty at low energies, a qualitative tendency of a
bigger positive particle flux compared to the negative flux is more likely. In
the following sections we discuss the in Sec. 2 introduced four scenarios.
4.1 Test 1 of neutral plasma conditions for an insulating hemisphere of the
Moon facing the Sun
We use Eq. (18) to calculate the time evolution of a potential on the Moon
solar side. The calculations are performed including the constraints, that the
charged current of the solar wind plus the cosmic rays impinge only the Moon
solar side and that no charge exchange will take place between solar and
solar lee side of the Moon because we assume that the material (rocks) of the
Moon behave like an isolator. The time dependence of the potential φC(tm) is
displayed in Fig. 5.
Figure 5. Test 1. Increase of the electric potential of an isolator Moon whose solar
side is exposed to solar wind plus cosmic rays.
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The Moon would develop in approximately 13.4 µs a positive potential of
1789 V. After this time the repulsion effect for positive and attraction effect for
negative charged particles, discussed in Sec. 3.1, would stabilize the potential
φC at this level. As a consequence, the hemisphere of the Moon pointing to
the Sun would be on this potential as long as the Moon is outside of the Earth
geomagnetic tail.
For the calculation the initial value φC(t0) and the initial time t0 were chosen
to be zero, ∆Ω was set to 2π which takes into account that we use only the
half surface of the Moon. To generate a smooth function of φC(tm) in Fig. 5,
∆t was set to 0.1 µs. Independently of all test scenarios, we assume that the
flux of the solar wind impinging the surface of the Moon is directed to the
Sun. We set for this reason for the solar wind the solid angle to 2π.
4.2 Test 2 of neutral plasma conditions for an insulating hemisphere of the
Moon in the lee of the solar wind
Eq. (18) is used to calculate the time evolution of a potential on the Moon
solar lee side. The constraints are the same as in test 1 with the exception,
that only cosmic rays impinge this side.
The time dependence of the potential φC(tm) calculated with Eq. (18) is dis-
played in Fig. 6
Figure 6. Test 2. Increase of the electric potential of an isolator Moon if its solar lee
side is exposed only to cosmic rays (left side for a period of about 100 years; right
side for a period of about 27.3 days).
The Moon would develop in approximately 78 years a positive potential of
3.465 GV. After this time the potential φC would be stable at this level. Due
to the Moon spin, the conditions which part of the surface of the Moon is
exposed to the two possible particle fluxes change per day. For this reason it
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is only possible to calculate an upper limit for the potential if it is assumed
that one half of the surface of the Moon is exposed e.g. 27.3 days to cosmic
rays. In this time the Moon would reach a potential of approximately 261 MV
as shown on the right sid of Fig. 6.
For the calculation of Eq. (18) the start value φC(t0) and the start time t0
were chosen to be zero and ∆t was set to 4.5 · 105 s. For the calculation of
the iteration shown on the right side of Fig. 6, ∆t was set to 104 s, for which
the influence of the attraction and repulsion effect is seen. ∆Ω was set in
all iterations to 2π which takes into account that the particles impinge only
on one half of the Moon surface. The separation of cosmic rays from solar
wind was performed with an energy cut at 0.1 GeV/n. All global fit functions
Fn(Ek,i) are set to zero for energies below 0.1 GeV/n. This ensures that almost
only cosmic rays are taken into account for the calculation.
Compared to test 1 substantial differences in the electric potential would occur
at the surface of the Moon at the transition between solar and and solar lee
side.
4.3 Test 3 of neutral plasma conditions for a conductor Moon which is hit
by solar wind and cosmic rays
In the more likely case that the Moon material behaves like a conductor [69–
72], the flux of the solar wind plus cosmic rays on the Moon solar side plus
the cosmic rays on the Moon solar lee side are added together.
The time dependence of the potential φC(tm) calculated with Eq. (18) is dis-
played in Fig. 7
Figure 7. Test 3. Increase of the electric potential of an conductor Moon whose solar
side is exposed to solar wind plus cosmic rays and whose solar lee side is exposed
only to cosmic rays.
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The Moon would develop in approximately 13.4 µs a positive potential of
1789 V. After this time the potential φC would stabilize on this level as long
the Moon is outside of the geomagnetic tail of the Earth.
In the calculation we used for the Moon solar side the unchanged global fit
functions to add together the flux of the solar wind and cosmic rays. On the
Moon solar lee side we used the altered global fit functions, which are set to
zero for energies below 0.1 GeV/n to include only cosmic rays. ∆Ω is set to
2π which takes into account that solar wind plus cosmic rays on the solar side
of the Moon and the cosmic rays on the solar lee side of the Moon impinge in
each case on one half of Moon surface. φC(t0) and t0 were chosen to be zero
and ∆t to 0.1 µs.
The result demonstrates the absolute dominance of the solar wind compared
to the cosmic rays.
4.4 Test 4 of neutral plasma conditions for a conducting Moon in the geo-
magnetic tail of the Earth
If the Moon passes the geomagnetic tail of the Earth, the full surface of the
Moon is exposed to cosmic rays only. The time dependence of the potential
φC(tm) calculated with Eq. (18) is displayed in Fig. 8 left side.
Figure 8. Test 4. Increase of the electric potential of a conductor Moon whose full
surface is exposed only to cosmic rays (left side for a period of about 70 years; right
side for a period of about 3.1 days when the Moon is in Earth geomagnetic tail).
The Moon would develop in approximately 39 years a positive potential of
3.465 GV, which will be stable after this time. As the Moon is only approxi-
mately 3.1 days of its orbit in the geomagnetic tail of the Earth, the potential
would approach 96 MV as shown on the right side of Fig. 8.
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To ensure that almost only cosmic rays are taken into account we set in the cal-
culation all global fit functions Fn(Ek,i) to zero for energies below 0.1 GeV/n.
We use as initial values φC(t0) = 0 and t0 = 0. The time ∆t we set to 4.5 ·105 s
for the calculation of the iteration shown on the left side of Fig. 8 and ∆t was
set to 5000 s for the right side of Fig. 8. To respect the isotropy of the cosmic
rays [73] we chose the solid angle of 4π.
4.5 Time dependence of the potential of the Moon orbiting the Earth
In Fig. 9 we combined the time dependence of the potential of the Moon on
its 27.3 day orbit circling the Earth. We used the more realistic case of a
conductor Moon from test 3 and test 4.
Figure 9. Development of Moons potential for a conducting Moon on its 27.3 day
orbit.
To visualize the rapid changes of the potentials, non-equidistant scales were
chosen on the time axis. According test 3, between t0 and t1 the initially
uncharged Moon would be charged to a potential of 1789 V in 13.4 µs. Its solar
side is exposed to solar wind plus cosmic rays and its solar lee side to cosmic
rays. The Moon would stay at this potential until it enters after approximately
24.2 days the Earth geomagnetic tail at t2. The potential would increase to
about 96 MV in the next 3.1 days. At t3 the Moon leaves the geomagnetic
tail of the Earth and is exposed again to the conditions of test 3. Under the
influence of the high fluxes of the solar wind the potential would decrease
rapidly in the next 1 ms until it reaches at t4 the value of 1789 V again. We
used for the potential decrease between t3 and t4 Eq. (18) with the conditions
φC(t0) = 96 MV and ∆t = 10
−6 s. From t4 on the Moon would stay at 1789 V
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until it enters again the geomagnetic tail of the Earth. The time dependence
of the Moon potential would be periodically repeated in 27.3 days.
5 Conclusion
The absence of significant macroscopic electrical fields in the universe supports
the hypothesis of an electric neutral (uncharged) universe. This requests that
all objects in the universe and the interactions between them are electrical
neutral. The intention of our investigation was to test this hypothesis locally
in our solar system. The interaction between these neutral objects in our solar
system is mainly caused by the solar wind and cosmic rays. These objects will
only stay uncharged if the impinging fluxes are a neutral plasma.
As test object we choose the Moon because the Moon has no atmosphere,
magnetic field, and extensive measurements of the flux of solar wind, and
cosmic rays are available in the environment of the Moon. Data for positive
and negative charged particle fluxes exist above 856 eV. In this energy range
used for our investigation the positive charged flux is larger than the negative
charged flux. The integrated charge flux of the energy spectrum of the solar
wind and cosmic rays is accumulating to an excess of a total positive charge.
This causes a positive electric potential of the Moon which is accompanied by
an electric field. The positive electric potential of the Moon is depending on the
position of the Moon on its orbit, between 1789 V outside the geomagnetic tail
of the Earth and in maximum 96 MV inside this tail. Outside the geomagnetic
tail where the solar wind dominates, the time ∆t needed to charge or discharge
the Moon is between ∆t = 13.4 µs and ∆t = 1ms. Inside the geomagnetic tail
of the Earth the Moon will be charged up in ∆t = 3.1 days to 96 MV. If
we consider an object in deep space, an object of the size of the Moon would
carry a positive electric potential of the order of 4 GV, because the impact of
the solar wind will be negligible and the necessary time to charge the object
would be available. It is very likely that the cosmic rays exist not only in our
solar system, they exist with high probability in the galactic system and the
universe. As a consequence, every object in the universe will carry an electric
potential originated by the cosmic rays. These results violate substantial the
hypothesis of an electric neutral universe.
The introduction of a so far unknown negative charged flux Q(t)unid in Eq. (13)
opens the possibility to set the potential of the Moon to zero. Our investiga-
tions of the potential of the Moon put stringent conditions on Q(t)unid. An
excess of a negative charged particle flux must exist in an energy range of
0 < Ekin < 856 eV. This excess should be sensitive to the distance between
object and Sun to compensate for the decrease of the flux of the solar wind
with increasing distance from Sun to object. A mechanism is required to com-
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pensate for the short term changes of the of solar wind (flux), for example, to
eliminate the short term fluctuations in the positive-negative charged flux of
a solar flare. A time-space depending modulation of this excess would be able
to stabilize the electric potential of all objects in the universe to zero. Finally,
the excess should be insensitive to the bow shock, heliopause and termination
shock.
The energy of the universe is composed of 70% of dark energy, 26% of dark
matter and 4% baryonic matter [74]. The baryonic matter in the universe is
immersed in this electric neutral environment. Currently extensive theoretical
investigations are performed to describe the dark energy and dark matter
as a condensate. For example as a Bose-Einstein condensate [75], as flavor
condensates [76], as a quantum Yang-Mills condensate [77] or condensation of
scalar fields [78]. If an electromagnetic interaction to such a condensate would
exist, in particular its superfluid characteristic would allow to fulfill the above
discussed difficult extensive conditions to earth the Moon and all objects in
the cosmos. The energy content of an excess of a negative charged particle
flux compared to the dark energy and energy of dark matter is negligible. A
perturbation of the condensate would be minute.
If an object in space, like the Earth, is surrounded by an atmospheric layer,
it should be possible to detect luminous electric discharges from the Earth to
the condensate (vacuum). Luminous electric discharges like Flares or Tran-
sient Luminous Events [79, 80] are observed in the environment of the Earth.
Theories for the majority of these discharges are based on the local character-
istic of these events in the Earth atmosphere. For instance a theory of Elves in
Earth-ionosphere [81] or theory of Sprites [82, 83]. So far exist no satisfactory
theory of all experimental observed luminous events. The introduction of an
electromagnetic interaction to the vacuum could improve the theoretical un-
derstanding of this phenomena and contribute to the discussion of the nature
of dark energy and dark matter.
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